Tp, trimethoprim; Ge, gentamicin.
RESULTS
Ability of plasmids to transfer to A . calcoaceticus The P incompatibility group plasmids used in this study were all transferable from E. coli K I~ to A . calcoaceticus using the Millipore mating method and selecting for acquisition of the indicated antibiotic resistance marker (Table 2) . Other antibiotic resistance markers carried by these plasmids (except for kanamycin resistance) were also expressed in A. calcoaceticus and levels of resistance were comparable to those found in the Rf E. coli donor. It was not possible to measure accurately the level of resistance conferred by the kanamycin plasmid marker because A. calcoaceticus ~~~6 5 / 6 5 already carries a chromosomal marker specifying resistance to this antibiotic.
Crosses were also performed in an attempt to detect transfer of the C group plasmids R4oa and R57b, the F-like plasmid RI-16, the I-like plasmid R64 and the W group plasmids R388 and S-a from their E. coli hosts to A. calcoaceticus. Jacoby (1975) has reported that C and W plasmids are transferable from E. coli to P. aeruginosa. Transfer of RI-16 and R64 was tested because these plasmids transfer at high frequency between E. coli strains and have been used to mediate chromosomal transfer between members of the Enterobacteriaceae (Meynell & Cooke, 1969; Dixon & Postgate, 1971) . However none of these plasmids was transferable to A . calcoaceticus at a detectable level (> I in 10~).
RPLI I is a plasmid from P. aeruginosa belonging to incompatibility group PZ (Korfhagea & Loper, 1975) . Plasmids of this incompatibility group can be transferred between different species of Pseudomonds but cannot be transferred to members of the Enterobacteriaceae (Shahrabadi, Bryan & Van Den Elzen, 1975) . The ability of RPLII to transfer to A . calcoaceticus was tested by mating P. aeruginosa PAOI(RPLI I) with the streptomycinresistant (high-level) strain c417, and then selecting for tetracycline-resistant and streptomycin-resistant (high-level), tryptophan-requiring cells. Transfer was not observed.
Transfer of P incompatibility group plasmids and chromosomal genes between strains of A . calcoaceticus Mating experiments were performed between auxotrophic mutants of A . calcoaceticus to determine the frequency of transfer of P incompatibility group plasmids in A . calcoaceticus and also the frequency of transfer of chromosomal genes (Table 3) . Most of these plasmids promoted chromosomal gene transfer in A , calcoaceticus at detectable frequencies. The number of recombinants obtained varied slightly between experiments but, in general, for each individual plasmid the frequency of chromosomal gene transfer was enhanced by an increased frequency of independent plasmid transfer. The relative frequencies of the two types of recombinants varied for the different plasmids used (Table 3) . Since RP4 donates the chromosome from at least two different sites (Towner & Vivian, 1976b) , some of these plasmids may be of value in mapping studies if, as seems possible, they have different donor properties.
Of particular interest is the result obtained with R68.45. This plasmid is a variant of R68 and was reported to be efficient in transferring chromosomal genes of both P. aeruginosa (Haas & Holloway, I 976) and Rhizobium leguminosarum (Beringer & Hopwood, I 976). However, in A. calcoaceticus R68.45 was only transferred at the comparatively low frequency of 5.3 x I O -~ and transfer of chromosomal genes was not detected.
Stability of P incompatibility group plusinids irt A . calcoaceticus
The frequency of plasmid transfer might be governed by the instability of the plasmid in the donor strain. Towner & Vivian (1976~) showed that RP4 was slightly unstable in A. calcoaceticus. The stabilities of the different P group plasmids used in this study were therefore compared. However, although all the plasrnids tested were slightly unstable in A . calcoaceticus (normally about 5 % instability), the degree of stability of each individual plasmid varied between experiments and there was no correlation between this and the frequency of plasmid transfer. The factors controlling P plasmid stability in A . culcoaceticus remain to be determined.
DISCUSSION
The object of this investigation was to examine a variety of plasmids belonging to different incompatibility groups in an attempt to find one which would transfer the A . calcoaceticus chromosome at a higher frequency than the original system using RP4. However, of the plasmids tested, only members of the P incompatibility group were capable of transfer to A . calcoaceticus, and none of these showed great variation from the levels of chromosome transfer obtained with RP4. Indeed some plasmids (R91 and R68.45) which were more efficient than RP4 in promoting chromosome transfer in P. aeruginosa (Stanisich & Holloway, 1971 ; Haas & Holloway, 1976) , were unable to do so at a detectable level in A. calcoaceticus. As R68.45 is also an efficient promotor of chromosome mobilization in R. legurninosarum (Beringer & Hopwood, 1976) , it seems that the ability of P incompatibility group plasmids to mobilize chromosomal markers may be species specific.
The frequency of chromosome transfer using a particular plasmid was related to the frequency of independent plasmid transfer, but varied considerably with the mobilizing plasmid ( Table 3) . One possible way to increase the frequency of plasmid transfer (and hence the frequency of chromosome mobilization) would be to isolate a derepressed mutant. However Dennison & Baumberg (1975) , working with E. coli, suggested that P incompatibility group plasmids were already naturally derepressed, but that this was masked by the incompetence in liquid matings of donors carrying them. In A. calcouceticus, RP4 transfer occurs at a low frequency in broth matings and is increased if matings are carried out on a solid surface, while chromosome transfer can only be detected on a solid surface (Towner & Vivian, 1976b) . A similar situation therefore appears to exist. Other attempts to increase the frequency of recombinant formation using ultraviolet light and mitomycin C at the levels of survival used by Evenchik, Stacey & Hayes (1969) had no detectable effect in A . culcoaceticus (K. J. Towner, unpublished results) .
Thus, it is probable that any future attempt to produce a high frequency conjugation system in A. calcoaceticus would benefit from a search for any self-transmissible plasmids that might already be naturally present. The demonstration that some strains of Bacterium anitratum (A. calcoaceticus) contain extrachromosomal circular DNA molecules (Christiansen et al., 1973) suggests that such a search could be profitable.
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